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@ Multipole inlet system for ion traps. 



@ A two dimensional RF multipole field formed by a set of parallel rods (44), e.g. quadrupole rods, services as 
an inlet for an ion trap (58). The field both accepts and stores ions for the trap, and rejects unwanted ions, while 
the trap (58) is performing an analysis. This greatly increases the duty' cycle of the overall system, increasing 
the system sensitivity. 
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This invention r lates to th combination of a multipole (parall I rod) ion inlet and processing syst m 
with an ion trap mass spectrometer. 

Ion trap mass spectrometers (hereaft r called Ion traps) are well known devices for receiving and 
analyzing ions. Typical Ion traps are shown in U.S. patents 4,736,101 issued April 5, 1988 and 4.540,884 
5 issued September 10, 1985, both to Finnigan Corporation. 

Ion traps typically employ a ring electrode and end caps which, when suitable RF and DC voltages are 
applied to them, provide a quadrupole field to trap ions within a storage region. However ion traps are 
usually relatively small in physical size and have the capacity to store only a limited numt>er of ions. When 
the number of Ions injected Into an ion trap becomes too large, space charge effects occur which have a 
10 number of undesirable consequences. These consequences can include spontaneous emptying of the trap, 
sh'rft in the mass calibration, distortion of the analysis results obtained from tiie ion trap, and the like. 

In addition, when an ion trap is performing an analysis, it cannot accept additional ions. If a prolific ion 
source is used, the time taken to fill the ion trap can be much less than the time required for the Ion trap to 
perform analysis. During the analysis time, the ions produced by the ion source may be wasted, resulting In 
75 a very low duty cycle for the ion trap and causing low sensitivity for the system. 

Accordingly, it Is an object of the invention In one of its aspects to provide a method of analyzing ions 
in an ion trap, said method comprising the steps of: 

(a) producing a stream of said ions, 

(b) selecting a set of parallel rods having a space t herebetw een, said space having first and second 

, ■ ——ST ^ 

20 ends, 

(c) generating a two dimensional multipole RF field in said space by appjying^aJBE-vottage-t^-sal^^ 

(d) directing said stream of ions into said first end of said space. ^ 

r> (e) trapping some of said Ions in said space for a predetermined period of time and ejecting others of 
\ said ions from g id space , said trapping being performed by applying selected electric potentials at said 
25 1 ends of said space to cause ions travelling in said space from said first end toward said second end to 
I be reflected back toward said first end and then to be reflected back again toward said second end, thus 
I to retain ions in said space for said predetermined period of time, said predetermined period of time 
being longer than that required for ions to travel once tiirough said space from said first to said second 
I end. 

30 ^(f) releasing the ions trapped in said space through said second end of said space into said ion trap. 

(g) analyzing said ions in said ion trap, and 

(h) while said ions in said ion trap are being analyzed, refilling said space with some ions from said ion 
stream, and repeating said step (e) while said ions in said ion trap are being analyzed. 

In another aspect the invention provides an ion inlet and processing system comprising: means for 
as generating a stream of Ions, a multipole set of parallel rods defining a space therebetween, said space 
having first and second ends, means for applying an RF voltage to said rods for producing a two 
dimensional multipole RF field in said space, means for directing said stream of ions through said first end 
into said space, control means for controlling said rods to trap some ions from said stream in said space for 
a predetermined period of time and to reject other ions from said space, said control means including 
40 means for applying selected electric potentials at said first and second ends to cause Ions travelling in said 
space from said first end toward said second end to be refiected back toward said first end and then to be 
refiected back again toward said second end, thus to retain ions in said space for said predetermined 
period of time, said predetermined period of time t>eing longer than that required for ions to travel once 
through said space from said first to said second end, an ion trap, said control means including means for 
45 releasing ions trapped in said space through said second end into said ion trap, said control means 
including means for admitting new ions from said stream into said space while said ion trap is performing 
an analysis, for said rods to trap some of said new ions in said space for a new said predetermined period 
of time and to reject others while said ion trap is performing said analysis. 

means including means for releasing Ions stored from said rods into said ion trap, said control means 
50 including means for admitting new ions ft'om said stream into said rods while said ion trap is performing an 
analysis, for said rods to store some of said new ions and to reject others while said ion trap is performing 
said analysis. 

Further objects and advantages of th invention will appear from the following description of a pref rred 
embodiment, given by way of xample, with reference to the accompanying drawings. 
55 In the drawings: 

Rg. 1 is a diagrammatic view of an inlet system and Ion trap according to the invention; 
Rg. 2 is a conventional stability diagram for a quadrupole mass spectrometer; 
Rg. 3 shows the connection of an RF generator to quadrupole rods; 
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Rg. 5 shows th connection of an RF g n rator and an auxiliary RF generator to quadrupole rods; and 
Rg. 6 shows d tails of an auxiliary RF generator. 

Rg. 1 shows a mass analyzer system 10 having a known ion source 12 such as the ion spray device 
shown in U.S. patent 4,861,988 issued August 29. 1989 to Cornell Research Foundation. Inc. As shown, the 

5 ion source 12 includes a needle 14 which receives a liquid sample from a source such as a liquid 
chromatograph 16. A tut>e 18 encircles the needle 14 and supplies a relatively high velocity atomizing 
sheath gas (e.g. nitrogen) from source 20. The needle 14 discharges liquid into an atmospheric pressure 
chamt)er 22. The emerging liquid is atomized and evaporated by the sheath gas from source Aii, unarge is' 
applied to the evaporating liquid by an electric field created by the voltage difference between a voltage 

70 source 24 applied to needle 14. and the chamber 22 which is grounded. This produces ions. 

The ions so produced pass in a stream through an orifice 26 in end plate 28 into a gas curtain chamber 
30 in which nitrogen or other inert gas is injected, as described In the above mentioned U.S. patent 
4,861,988. The ion stream then passes through another orifice 32 into another chamber 34 where some of 
the gas present is removed by pump 36. 

75 The stream of ions, together with some gas from chamber 34, then passes thr ough orifice 38 Jn plate 40 
into a chamber 4i? in wnicTiare located four rods 44 arranged in tne connguralion of a standard quadrupole 
mass spectrometer. The r ods 44. as will be described, preferably have only RF aoDlied to them, witi aout 
DC. The stream of ions, indicated at 46, passes through rods 44. 

The chamber 42 is connected to another pump 48, so that the rods 44 serve, as described in U.S. 

20 patent 4.963.736 issued October 16, 1990 to MDS Health Group Limited, to separate most of the gas 
entering chamber 42 from the ion stream 46. 

The ion stream 46 then passes through a inter-chamt>er orifice 50 in end plate 52 into another chamber 
54. In chamber 54 the ions pass through a conventional ion lens 56 and then into a conventional ion trap 58 
having a ring electrode 60 and end electrodes 62, 64. Ions enter the trap through an opening in the first end 

25 electrode 62. The Ions, when ejected from the trap, leave through an opening in the second end electrode 
64 and are then detected by detector 66. 

The ion source 12 normally produces a relatively intense stream of ions. Typically it may produce 6 X 
10^ ions per second through orifice 38. The ion trap 58, however, can store only a limited numt)er of ions. A 
calculation of the maximum number of ions that can be stored in the trap is as follows. 

30 The ions are stored in an effective potential given by the known equation: 



Y = 



35 



4Zo^ 



(x2 + y2 + 4z2) 



(1 ) 



where: 

Dz is the electric well depth in the trap for motion in the z direction, and 
40 Dz = 1/8 q^V where qz is the Mathieu parameter for motion in the z direction, and V is the zero to peak 
amplitude of the RF voltage applied to the ion trap, 

Zo is the distance from the center of the trap to the end electrodes. 

X is the distance from the center of the t'ap in the x direction. 

y is the distance from the center of the trap in the y direction. 
45 The approximations Inherent in equation (1) are most valid for low q (q less than 0.4) 

This allows a maximum charge density 



3 Dz € 0 

^ P max = ti" MKS units) (2) 

wher €0 is th permittivity of free space. 
55 Assume a typical xample. in which 

ro = 1 .0 cm (where ro = V x^ + y^ = distanc from center of trap to ring electrod ) 
Zo = 0.707 cm 
qz = 0.2 
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ions are 100 amu (atomic mass units). 
RF frequency = 1.0 MHz. 
Th n it is calculated that 
pmax = 2.7 X 10"'^ coulombs/cm^ 
5 This is 1.69 X 10^ ions/cm^ 

Since the trap volume is 4/3 ir* Zo^To or 2/3 cm^. the maximum number of ions that can be stored is 
1.13 X 10^. 

While the maximum numt>er of ions that can be stored in the trap 58 is calculated to be about 1.1 X 
10^, in fact space charge problems are usually encountered once the number of ions in the trap increases 
10 beyond at)Out 1/10 of this number. I.e. about 10^ ions. The duty cycle calculations which follow are 
performed for both these numbers. 

Assuming that the trap 58 will hold 1X10^ ions, and since the source 12 produces 6.2 X 10^ ions per 
second, the time to fill the trap is 1 X 10^/6.2 X 10^ = 0.016 seconds. The time to perform an analysis in 
an ion trap is typically 0.1 seconds (longer for MS/MS or high resolution scans), which includes the time 
75 taken to empty the trap (since the analysis usually consists of ejecting the ions sequentially and detecting 
them as they are ejected) 

The duty cycle for the ion trap is: 

time to fill ion trap 58 

time to fill ion trap 58 + time to perform analysis 

0.016 

= = 0.14 

.116 

25 

If the total number of ions in the trap is limited to 10^, as is much more likely, then the duty cycle is 

only 



.0016 

= 0.0157 

.100 + .0016 

A duty cycle of .0157 means that more than 98% of the ions produced by the source are in effect 
35 thrown away (since while the trap is performing its analysis, no ions from the source 112 can be admitted to 

it). The adverse effect of throwing away so many ions is made even worse since in many cases few of the 

ions from the source eire actually the trace ions of interest. With few trace ions available, one can ill afford to 

throw away a large percentage of them. 

/Vssume, for example, that the concentration of trace ions of interest in the ion stream 46 is one in 10^. 
40 If the ion trap 58 will only accommodate 10^ ions, then when the ion trap is full, there will be only 10 trace 

ions in it to analyze. While the ion stream 46 continues to provide more trace ions, they are wasted. This 

can create enormous difficulty when using an ion trap to analyze low concentrations of trace ions in the 

presence of a large excess of concomitant ions. 

When the quadrupole rods 44 are placed in the path of the ion stream 46 between the ion source 12 
45 and the ion trap 58. the rods 44 can be used as a trap to store ions. This is accomplished by placing a grid 

70 at the exit end of the rods 44 and connecting it to a controller 71 . Typically the rods 44 are operated with 

a zero DC potential on them, and the DC potential at orifice 38 of plate 40 may typically be about + lOv. 

DC. (also from controller 71). When a higher DC potential is placed on grid 70, e.g. up to about +20v. DC. 

ions reaching the exit end of the rods 44 are then reflected by grid 70 and travel back to the entrance of the 
50 rods. (Alternatively this can be accomplished by placing a higher voltage on plate 52 at orifice 50. and 

omitting grid 70.) At the entrance end. the ions are reflected back again by the normally relatively high 

voltage on plate 40. This causes ions in the rods 44 to cycle back and forth between the ends of the rods. 

In ff ct the ions are stored in the rods 44. Such storage of ions in quadrupole rods is described by C. 

Beaugrand et al in a paper ntitled "Ion Kinetic En rgy Measurement on Tandem Quadrupol Mass 
55 Spectrometers", presented at the 35th ASMS Conference on Mass Spectrometry May 24-29, 1987 at 

Denv r. Colorado. The trapping ther descrit)ed was in the RF only center cell of a triple tandem 

quadrupole mass spectrometer, and it was demonstrated that the trapping process was very efficient, with 

little or no ion loss. 
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An advantag f using quadrupol RF onfy reds as a pre-trap for an ion trap is that the RF only rods 
can store more ions than an ion trap and can t>e used to store ions while th ion trap is performing its 
analysis. Specifically, in a quadrupole trap such as that constituted by rods 44. the ions are stored in an 
effective potential given by 



y2 



(3) 



10 



where x and y are distances in the x and y directions from the center of the rod set, 
ro is the distance from the center of the rod set to each rod. 
D = 1/8 qV where q is the Mathieu parameter 

and V is the zero to peak amplitude of the RF voltage applied to the rods. 
75 This allows a maximum charge density in MKS units: 



4 D£ 0 

P max = (4) 

20 1 ^2 

If for example ro = 4 mm. q = 0.2, the frequency is 1.0 MHz, and the ions are of 100 amu. then the 
maximum charge density in rods 44 is 
25 pmax = 3.65 X 10"^^ coulombs/cm^. 
This is 2.28 X lO' ions/cm^. 

The volume of the trap formed by rods 44 is Tr*ro^*l where I is the length of the rods. Assuming the 
rods 44 are 15 cm long, the volume is about 7.5 cm^. Therefore the number of ions that can k>e stored in 
the quadrupole trap formed by rods 44 is about 1.7 X 10^. This is about 15 times larger than the number 

30 which can t>e stored in the ion trap 58. Physically this is t>ecause the length of the quadrupole rods is 15 
times the ion trap "length". 

When ions are collected in the rods 44, there is little point in collecting more than the 1.1 X 10^ ions 
that the ion trap 58 can accept. To collect this numt)er of ions, when the ions are being provided at the rate 
of 6-2 X 10^ ions per second from source 12. requires .016 seconds. (After the required number of ions is 

35 collected controller 71 raises the DC potential at orifice 38 of plate 40. cutting off further flow of Ions into the 
rods 44 from the source 12. The gain now is that ions can be collected by rods 44 while the ion trap 58 is 
performing an analysis. The duty cycle Is now: 



40 



time to collect ions sufficient to fill ion trap 58 
time to empty rods 44 into ion trap 58 + time for ion 
trap 58 to perform analysis 



Assuming that it takes about 1 ms (millisecond) to empty ions trapped in rods 44. into the ion trap 58, 
45 and that it takes 100 ms as before for the ion trap 58 to perform an analysis, the duty cycle is 

.016 

= .158 



^ .001 + .100 

If only 1X10^ ions are collected, the duty cycle is 

55 .0016 

= 0.0158 

.001 + .100 
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This is only a v ry small improvem nt ver th previous case. Mor than 98% of ions from source 12 
ar still thrown away if only 10^ ions can be stored. 

Assume next that th rods 44 ar used for pre-trapping ions, as t)efore. while the ion trap 58 is 
performing its analysis, but assume in addition that while rods 44 are pre-trapping ions, they ar also used 
5 to reject unwanted ions. Thus they also perform a concentration function. 

There are several ways in which rods 44 can be used to eject unwanted ions, as will be descrit)ed. One 
method is to set the RF voltage on the rods at a fixed level to eject ions of unwanted mass. Another Is to 
add an auxiliary RF frequency to produce resonant ejection of the unwanted ions. A third is to apply some 
DC to the rods 44 so that they act as a low resolution mass spectrometer. In all cases, usually low mass 
10 unwanted ions are ejected. 

Assume firstly that the rods 44 are used to perform concentration by ejecting unwanted ions, but that 
they do not perfonm any pre-trapping. 

Assume also, as an example, that the low mass unwanted ions comprise 90% of the ion current from 
source 12. The desired ion current is then 6.2 X lO' ions per second. To collect 10^ ions (the trap limit) 
75 takes 0.16 seconds. If, as before, the analysis time is 100 ms. then the duty cycle Is 



16 

= 0.62 



20 



25 



40 



.16 + .100 

To collect 10^ ions takes .016 seconds, so the duty cycle in that case is 

.016 



.016 + .100 



= 0.14 



This is a substantial improvement over the previously described duty cycles, since now more of the ion 
30 flow is used. However much of the ion flow from the source 12 is still thrown away. 

When the RF only rods 40 are used both to trap ions, and to eject unwanted ions, the situation changes 
considerably. Assume again that unwanted low mass ions comprise 90% of the ion current as is typical. 
Assume that these unwanted ions are ejected from rods 44 by adjusting the RF level on the rods, as will be 
described. 

35 Because 90% of the ions are being ejected, the effective ion current is 6.2 X 10^ ions per second. To 
collect the number of ions which the ion trap 58 will accommodate, i.e. 10^. takes 0.161 seconds. These 
ions can be dumped into the ion trap 58 from the rods 44 in one ms, and collection can again begin in the 
rods 44 while the trap is performing an analysis. The duty cycle is therefore 



0.161 

= .994 



0.161 + .001 



45 If 10^ ions are collected, the time taken to collect these ions becomes less than tiie time required by 
the trap for analysis, and the duty cycle t»ecomes 

.016 

50 = 0.16 

.100 + .001 

It will be seen from the atwv exampi that when 10^ ions are collected, mor than 99% of the ions 
55 from the source 12 are used, and f wer than 1% ar thrown away. This is an improvement by a factor of 
more than six over use of th ion trap 58 without the rods 44, and it is also an improvement ov r use of the 
ion trap 58 with the rods 44 where these rods are used to perform pre-trapping only, or where the rods 44 
are used only to perform jection of unwanted ions. When 10^ ions ar collected, th duty cycle increases 
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10 



20 



25 



35 



45 



50 



(in the examples given) from .014 to 0.16. or by about an ord r of magnitude. 

ff resonant ejection (by scanning the RF frequency of level applied to rods 44) is used to r move 
unwanted Ions from the rods 44, then some time, typically 100 ms. is required for the r sonant ejection 
step. During the scanning which produces resonant ejection, ions cannot be collected (and are prevented 
from entering the rods 44 by controller 71). 

To fill the rods 44 to their capacity with 1.7 X 10^ ions, when source 12 supplies 6.2 X 10^ ions per 
second, takes 0.274 seconds. Since to eject unwanted ions takes 100 ms, the duty cycle is 

0.274 

= 0.73 



0.274 + 0.100 



This duty cycle is less than that achieved when unwanted ions are ejected by setting the RF level on the 
75 rods 44 to an appropriate voltage, but is still higher than that achieved by using the rods 44 only for 
trapping, or only for ejection of unwanted ions. 

Since space charge effects in traps are encountered at atx)ut 10% of the space charge limit (equation 
2), and since similar behaviour may apply to the RF rods, assume next that the rods 44 are filled with only 
1,7 X 10^ ions. The duty cycle is now 



.0274 

= 0.22 



.0274 + .100 



which is much better than the .014 duty cycle achieved when the rods 44 were not used. 

Unwanted ions can also be ejected by applying a low level DC voltage to the rods 44, in which case the 
rods 44 are no longer RF only rods but act as a low resolution mass filter. Such ion ejection is very fast, 
occunring in less than 1 ms. To fill the rods 44 to their capacity of 1.1 X 10^ ions, as in the previous 
30 example, takes 0.274 seconds. To eject unwanted ions takes about 1 ms and then to fill the trap takes a 
further 1 ms. The duty cycle is then 

.274 

. = .993 



.274 + .001 + .001 



This very high duty cycle means that less than 1% of the ion stream from ion source 12 is now thrown 
away. 

40 Assuming that space charge effects in the rods 44 permit collection of only 1.7 X 10^ ions as previously 
described, then the duty cycle is: 

time to collect ions 



time to dump ions into trap + trap analysis time 

.0274 



.001 + .100 



= 0.274 



Various methods of ejecting unwanted ions will next be described in more detail. 
Reference is made to Rg. 2. which is a standard stability diagram for a two dimensional field 
quadrupole mass spectrom ter such as that formed by rods 44. Fig. 2 plots a against q, where 



55 
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4e . DC voltage applied between rods 44 
a = — 

^ 2e • peak to peak RF voltage applied between rods 44 

^ in 

10 where 

m is the mass of the ion of interest 

ro is the radius of the inscribed circle between the rods 44 

0 is the angular frequency of the applied RF 

e is the electronic charge 

75 For values of a and q within the shaded region 84, ion trajectories are stable. Line 82 con^esponds to 
ions becoming unstable in the x direction, while line 80 corresponds to ions becoming unstable in the y 
direction. For a given RF and DC voltage on the rods, this produces a low mass cut-off at line 82 and a high 
mass cut-off at line 80. As is standard for all quadrupole mass spectrometers, the high and low mass cut-off 
lines 80. 82 intersect at a value of q = 0.706. 

20 When the quadrupole is operated with RF only on its rods, it operates on the q axis (since a = 0) and 
ssentially acts as an ion pipe. However when the RF voltage is set at an appropriate level, ions below a 
desired mass will have their q above about 0.92 and hence will have unstable trajectories and will be 
jected. For example all ions below mass 500 amu may be ejected in this manner. The rods 44 can thus be 
used to perform both pre-trapping and ion ejection. 

25 As shown in Rg. 3. the rods 44 can be designated as rods 44A1 . 44A2, and 44B1 , 44B2. Rods 44A1 , 
44A2 are connected together and to one side of an RF generator 90, and rods 44B1, 44B2 are connected 
together and to the other side of generator 90. The RF amplitude provided by generator 90 is adjusted by 
setting control 92. Since ions below the selected mass cutoff are ejected as the ions fill the rods 44, 
ssentially no extra time is required for this ejection step, resulting in a very high duty cycle. 

30 Resonant ejection of ions from the rods 44 will next be described. Such ejection has been described by 
Watson et alin an article entitled "A Technique for Mass Selective Ion Rejection in a Quadrupole Reaction 
Chamber", Intemational Journal of Mass Spectrom. Ion Proc, vol. 93, p225-235, 1989. In particular, it can 
be calculated that the characteristic angular frequencies of motion (w) of the ions are 

35 w = (2n + (5) 

where n is an integer, Q is the angular frequency of the RF voltage, and ^ is a function of the q of the mass 
spectrometer. To a good approximation. ^ is given by 

40 ^ 

/J = (a + ^) 1/2 (6) 

For example, assuming an RF frequency f = 1 .0 MHz and that the quadrupole rods 44 are operated at q = 
45 0.2, then for the case where a = 0. /3 is given by 

50 

The calculated resonant frequencies (in sec of the ions are then 
n = 0 w = 4.44 x 10^ (f = 7.05 X 10*) 
n = 1 w = 6.72 X 10^ (f = 1.07 X 10^) 
n = 2 w = 1.30 X 10^ (f = 2.07 X 10^) 
55 n = 3 w = 1.93 X 10^ (f = 3.07 X 10^) 

To eject unwanted ions by resonant ejection, the arrangement of Rg. 4 is used (as described in th 
Langmuir U.S. patent 3.334.225 issu d August 1. 1967). As shown, the connection between two of th rods, 
e.g. rods 44B1, 44B2. has insert d therein one winding 100 of the transformer 102. The other winding 104 
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of the transformer is connected to an auxiliary RF voltage g nerator 106. The frequ ncy of generator 106 is 
scanned, using control 108, through th r s onant frequ ncies of the unwan ted ions. The additional nergy 
imparted to each unwanted ion by this process increases the amplitude of the ion's trajectory, causing it t 
leave the space between the rods, i.e. it is ejected. By scanning the frequency of the auxiliary generator 

5 106, unwanted ions can thus be jected. 

Since the resonant ejection scan can take some time (e.g. 0.1 seconds), the duty cycle of the system 
operated in this manner may be only about 0.73 in a typical application, as described above. 

While scanning the frequency of generator 106 has been described, generator 106 can also be used to 
produce a noise spectrum having frequency components which will eject all ions except those desired. The 

JO noise spectrum will omit those frequencies at which the desired ion or ions are resonant. Such resonant 
ejection using a noise spectrum is described in the above mentioned Langmuir U.S. patent 3,334,225 for a 
quadrupole mass spectrometer with RF and DC voltages applied to the rods. In the present case, generator 
106 will thus include (Fig. 5) a noise signal generator 110 to produce the noise spectrum, a band pass filter 
112 to pass the desired components, and a band rejection filter 114 to remove frequencies conresponding 

75 to the resonant frequencies of the desired ions. The use of a noise signal can take less time than scanning, 
thereby improving the duty cycle. 

i Alternatively, unwanted ions may be ejected by leaving the RF frequency constant and scanning the 
level of the RF t>etween the A and the B rods. This is accomplished by adopting a typical operating point, 
e.g. q = 0.2. The scan Is then begun with a low RF amplitude (using amplitude control 92 of generator 90 
20 and amplitude control 120 of generator 106) so that the lowest mass to be ejected Is in resonance with the 
excitation frequency at q = 0.2. The RF amplitude is then increased (using amplitude control 92 of 
generator 90). while the frequencies of generators 90, 106 are fixed, to bring ions of higher mass to q = 
0.2. and these are then ejected by resonant excitation. The mass of the ion or ions to be isolated is omitted 
from the scan. The scan can continue to masses higher than that of the selected ion, but this cannot be 
25 done without limit. Eventually a mass is reached where the q of the ion to be stored increases to 0.9 (the 
stability diagram limit) and the ion becomes unstable and cannot be stored. 
The maximum mass (m^ax) that can be ejected in this manner is given by 



where m is the mass of the ion to be isolated. 

As an example, assume that the rods 44 are operated at q = 0.2 and it is desired to isolate mass 810. 
35 The maximum mass that can be ejected before mass 810 reaches a q or 0.9 is: 



^max = 810 (^) = 3645 

40 

This high mass limit is acceptable in many applications and is therefore not a severe limitation. 

Scanning the RF amplitude rather than the RF frequency will also take some time (e.g. atx)ut 0.1 
seconds), and therefore the duty cycle for the system operated in this manner will typically be about the 
45 same as when the RF frequency is varied (0.73 in the example previously given). 

Another method of ejecting unwanted ions is by applying DC between the A poles and the B poles of 
the rods 44. In tiiis case generator 90 will supply DC as well as RF and the operating line moves off the q 
axis and the rods 44 simply act as a low resolution mass filter. However it may t>e difficult to store many 
ions in the rods 44 if they are operated as a mass filter, unless the gas pressure in tiie rods 44 is relatively 
50 low so that the number of collisions which the ions incur when they are stored in the rods Is limited. In 
addition space charge effects may become more severe. 

If desired, ions of interest trapped in the RF rods 44 can be further processed by exciting tiieir lowest or 
other r sonant frequencies sufficiently to cause collision induced dissociation, with or without ejection of 
such ions. The collisiona jjissociation produces d a ughter ion ^ yyhirh '"^n tho'M^^^M^npfy?^ 
55 \/Vhile normallyThe'gas pressur in rods 44 will be relatively low, it may in some cases be desired to 
have a higher pressure, as described in U.S. patent 4.963.736 issued Octol>er 16, 1990 to the assignee of 
the present invention. In that patent, which describes a mass spectrometer system having RF only rods 
feeding ions into a quadrupole mass spectro meter, a r latively high gas pressur is used in the RF only 
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rods, and the DC voltage between the inlet plat and the RF nly rods is kept relatively low. This produces 
a larg nhancem nt in ion signal into th following mass spectrometer. The r ason is at least in part 
because the collisional effects at higher pressure remove both axial and radial velocities from the ions. The 
ions are thus forced closer to th center line of th syst m so that they are more likely to pass into the 
5 mass spectrometer, and because the axial velocities are lower, th y have a low r nergy spread and are 
easier to resolve. 

With the system of the invention it is also desirable to have sufficient gas pressures in rods 44. so that 
the ions will remain close to the center line and will have low energy speed, both helpful advantages in 
directing the ions into the ion trap 58. A relatively high gas pressure in rods 44 will cause ions trapped in 
10 these rods to incur numerous collisions, which will slow their axial movement back and forth within the rods 
44, This will cause the ions to drain out more slowly when the rods 44 are emptied. However rt is calculated 
that the time taken for most ions to drain from the rods 44, even at relatively high gas pressures. Is quite 
short. 

For example, assume a mass 16,950 ion with 16 charges; if plate 40 is at +10 v. DC. relative to rods 
75 44, such ion will have 160 electron volts of energy. Such an ion will take 111 micro-seconds to travel 15 cm, 
with no gas present- When the rods 44 are to be emptied, half the ions will be travelling in each direction, 
- so that it will take up to 222 micro-seconds to empty the rods 44. 

If gas at a pressure of 10"^ torr is present in rods 44, the ion energy in the example given may be 
reduced e.g. to 0.1 electron volt in a severe case. However the time taken to empty rods 44 will still be, at 
20 most, less than 10 ms, which is quite short relative to the analysis time of the trap. Therefore, the rods 44 
may be operated in the 10~* .pressure range, or indeed as high as 5 X 10~* torr, or even as high as 10"^ 
torr, to give a lower energy and spatial spread of the ions travelling into the ion trap 58. 

Although operation has been described with quadrupole rods 44, other m ujtipole rod sets , e.g . octopo le 
an d hexapole sets, may be used where appropriate. 

25 

Claims 

1. A method of analyzing ions in an ion trap, said method comprising the steps of: 

(a) producing a stream of said ions, 
30 (b) selecting a set of parall el rods having a space therebetween, said ^ace hayi ng first and,seeend 

ends^ 

(c) generating a two dimensional multipo le RF field in said space by applying an RF voltage to said 
rods, 

(d) directing said stream of ions into said first end of said space, 

35 (e) trap ping some of said io ns in said space for a p redetermined period of time and ejecting others 

of said ions from said space, said trapping being performed by applying selected electric potentials 
at said ends of said space to cause ions travelling in said space from said first end toward said 
second end to b e reflected back towa rd said first end and then to be reflected back again toward 
said second end, thus to retain ions in said space for said predetermined period of time, said 

40 predetermined period of time being longer than that required for ions to travel once through said 

space from said first to said second end, 

(f) mleasjngjhe ions trapped in said space through said second end of said space into said ion trap, 

(g) analyzing said ions in said ion trap, and 

(h) while said ions in said ion trap are being analyzed, refilling said space with some ions from said 
45 ion stream, and repeating said step (e) while said ions in said ion trap are being analyzed. 

2. The method according to claim 1 wherein said multipole rods have a quadrupole configuration. 

3l The method according to claim 1 or 2 wherein ions are ejected from said space by resonant ejection. 

50 

4. The method of claim 1 or 2 wherein ions are ejected from said space by resonant ejection, by scanning 
the frequency of an auxiliary RF voltage applied to said rods. 

5. The method of claim 1 or 2 wherein ions are ejected from said space by resonant ejection, by scanning 
55 the amplitude of said RF voltage applied to said rods while applying a fixed frequency auxiliary voltage 

to said rods. 
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6. The method of claim 1 or 2 wherein ions ar jected from said space by re sonant ejectior ), by applying 
to said rods an RF noise spectrum containing frequency compon nts wfiich has d I ted th r from 
those RF frequencies corresponding to the r sonant frequencies of ions to be detected. 

7. The method of claim 1 or 2 wherein ions are ejected from said space by setting the amplitude of an RF 
voltage applied to said rods at a level to eject ions below a predetermined mass. 

a The method of claim 1 or 2 and including the step, when ions are trapped in said space, of exciting the 
resonant frequency of a selected ion to cause collision induced dissociation of such ion. 

9. The method of claim 1 or 2 wherein the gas pressure in said rods is in the range 10"^ torr to 10~* torr. 

10. The method of claim 1 or 2 wherein the gas pressure in said rods is about 10~* torr. 

11. The method of claim 1 or 2 wherein the gas pressure in said rods is about 5 X 10"* torr. 

12. An ion inlet and processing system comprising: means for generating a stream of ions, a multlpole set 
of parallel rods defining a space therek>etween. said space having first and second ends, means for 
applying an RF voltage to said rods for producing a two dimensional multipole RF field in said space, 
means for directing said stream of ions through said first end into said space, control means for 
controlling said rods to trap some ions from said stream in said space for a predetermined period of 
time cind to reject other ions from said space, said control means including means for applying selected 
electric potentials at said first and second ends to cause ions travelling in said space from said first end 
toward said second end to be reflected back toward said first end and then to be reflected t>ack again 
toward said second end, thus to retain ions in said space for said predetermined period of time, said 
predetermined period of time being longer than that required for ions to travel once through said space 
from said first to said second end, an ion trap, said control means including means for releasing ions 
trapped in said space through said second end into said ion trap, said control means including means 
for admitting new ions from said stream into said space while said ion trap is performing an analysis, 
for said rods to trap some of said new ions in said space for a new said predetermined period of time 
and to reject others while said ion trap is performing said analysis. 
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